There is a dearth of software tools targeted at the general public that provide users with an intuitive understanding of population dynamics and the underlying demographic processes (fertility, mortality, and migration). This existing gap motivated us to implement such a tool in the software package NetLogo. In this technical working paper, we describe the technical specifications of the tool and provide access to the underlying NetLogo code. In addition, we outline the lessons users could learn from our educational tool.
Motivation
Population dynamics and their implications for the size and age structure of populations are of considerable relevance for public debates (e.g., Coulmas 2007 , Elmendorf and Sheiner 2000 , Greenhalgh 2013 ). High fertility can lead to youth bulges (Fuller 1995) and strong population growth if mortality and out-migration are low. Low fertility, on the other hand, is likely to lead to population aging and shrinking. Again, it is important to emphasize that population aging is driven not only by fertility levels, but also by mortality trends and migration dynamics. While there have been public debates about the direct demographic implications of these processes -such as about how these processes affect the size and age structure of particular populations in the short, medium, and long run -the main focus of public interest has been on the (potential) social and economic implications of these developments. For example, youth bulges might lead to instability due to high youth unemployment, while population aging could endanger the sustainability of welfare systems.
The educational simulation tool presented in this paper has been developed to provide non-scientific users with an intuitive understanding of how fertility, mortality, and migration processes interact in producing changes in the age structure and size of populations. By altering fertility, mortality, and migration levels, users are, for example, able to explore to what degree changes in fertility could be counterbalanced by changes in mortality and migration. Although other similar educational tools are available 1 , to the best of our knowledge these tools focus exclusively on fertility and mortality patterns. By also taking simple migration dynamics into account, our simulation tool provides users with the opportunity to develop a better understanding of pressing contemporary issues, like the arrival of migrants and the effect this development has on the age structure and the evolution of a population as a whole.
In addition to allowing users to alter fertility, mortality, and migration rates in order to explore how these changes affect population development, the tool is designed to raise awareness among users about the pace of demographic change. This, we hope, will support users in developing a more skeptical scientific perspective on apocalyptic warnings about "population bombs" (Ehrlich 1978) or "demographic suicides" (Prichet and Viarengo 2013).
There are a wide range of software platforms on which such a simulation tool could be built. We decided to implement the tool with NetLogo simulation software (Wilensky 1999) , because this platform makes it easy to implement sliders and buttons that allow users to easily change the parameter settings of the model. These changes are then immediately reflected in the model dynamics. Such features would, for example, be more difficult to implement in R, which we might have chosen if we had wanted to use such a simulation of population dynamics primarily for scientific purposes.
Data and specification of the tool
As the tool was initially developed for the German public, we use data for Germany in the code presented here. Included in these data are the female age-specific period fertility rates for 2013 (HFD 2018) ; the period mortality rates by single-year ages for Germany in the same year (HMD 2018); and the official statistical data on the balance of in-and out-migration counts from and to Germany by single-year ages, again in 2013 (Klüsener et al. 2018) . Our use of period fertility rates raises the issue that these rates are artificially depressed due to the ongoing postponement process to higher ages at childbirth. For example, in Germany in 2012, the tempo-adjusted total fertility rate (Bongaarts and Feeney 1998) was 1.59, while the non-adjusted rate was 1.41 (HFD 2018) . By keeping the level of fertility constant at the period rates for 2013, the pace of population aging and shrinking in the simulations is, for example, likely to be overestimated. Thus, if users would like to freeze fertility at current cohort fertility levels, they would need to choose slightly higher fertility levels.
For the migration data, we decided to use counts instead of rates, as we believe that migration is less dependent on the population already living in the country. This choice is also in line with the assumptions about future migration in absolute numbers that are used by the German Federal Statistical Office for implementing population projections (Pötzsch and Rößger 2015) . While we focus on Germany, data for other countries could be easily integrated as well.
The initial population structure represents Germany in 2013. The population age structure by singleyear ages ("population pyramid") becomes visible in the so-called world window as soon as the [setup] button is pressed. Pressing [reset standard values] resets all sliders to the default values. Our fertility and mortality patterns by age are derived from the age-specific rates recorded in 2013. Sliders allow the users to modify these fertility and mortality rates. For reasons of simplicity, we have chosen to keep the age structure constant, so that all the age-specific fertility or mortality rates are multiplied by the same factor if users decide to adjust the fertility or mortality levels. The fertility slider allows users to select the number of children women will have at the end of their reproductive lives in the simulation (sum of age-specific rates). In contrast, the mortality factor denotes the annual reduction or gain in the mortality rates. For migration, we offer two different options. In the first option, users can apply the age-specific net migration rates as they were recorded in 2013. In the second option, it is possible to increase the cohort size at age 20 by 20% in response to an immigration wave. Thus, users are able to explore how singular in-migration waves affect population structures in the long run. By making multiple clicks, users can increase the cohort size multiple times. For convenience, both migration options have a switch for automatic annual reapplication.
In addition, users can specify a cohort they want to follow. This could, for example, be a user's own cohort. A yellow dot then appears in the center of the world window to indicate the position of this cohort in the population pyramid. This yellow dot moves upward as the cohort ages. Additional monitor windows provide information on the changes in the total population and the year that has been reached.
Discussion and Conclusion
The software tool has been tested by school classes and by visitors attending an open door day at the MPIDR. For testing purposes, a German language version of the tool was developed. While the overall feedback was positive, it became clear during the testing phase that it was helpful to have a person with demographic background knowledge around to provide initial assistance to the users. Once the users had a basic understanding of the tool, they were able to handle it independently. The dimension that generated the most interest among the participants in this phase was the potential effect of migration in slowing down the pace of population aging. We therefore believe that even though our tool presents only a rudimentary sketch of this process, it can help users to develop a more nuanced understanding of a hotly debated topic.
A number of extensions of this tool are possible. As well as including data for different countries that are facing different demographic challenges, we could add modifications that allow users to adjust the age-specific schedules of fertility, mortality, and migration. This would, for example, permit users to explore how fertility postponement or changes in the modal age or lifespan variation of mortality (Vaupel et al. 2011 ) affect population dynamics. It might also be interesting to implement the option to simulate (massive) emigration waves if the tool is used for countries that register substantial emigration. More sophisticated extensions might enable users to model trends separately for different educational groups (Kc et al. 2010) . Such extensions would, however, require detailed data that are not easy to obtain for many countries, including for Germany. We would be very grateful if researchers built upon our work by implementing more sophisticated versions of our simulation tool, either in NetLogo or in other software packages. ;; Germany 2013 mx Male set mxMale [ 0.003644 0.000307 0.000166 0.000135 0.000097 0.000117 0.000077 0.000097 0.00008 0.000124 0.000062 0.000061 0.00008 0.000095 0.000099 0.00016 0.000238 0.000282 0.000443 0.000453 0.000435 0.000446 0.000426 0.000467 0.000461 0.000516 0.000544 0.000478 0.00057 0.000572 0.000658 0.000641 0.000669 0.000704 0.000814 0.000857 0.000836 0.000881 0.001014 0.001201 0.001217 0.001306 0.001459 0.001688 0.001818 0.002098 0.002403 0.002556 0.00293 0.00334 0.003595 0.004281 0.004751 0.005344 0.005982 0.00655 0.007056 0.007974 0.008871 0.009478 0. 
